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A means is presented by which the probability density 
of statistical signals may be determined experimentally. 
ii 
The design and construction of an electronic test instrument 
to measure probability density is discussed. Operating 
instructions and circuit diagrams are also included. 
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In experimental studies it is desirable to have an 
instrument which will measure the probability density of 
statistical signals. 
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1 
It is not practical to evaluate p(x1 ) directly since the 
limit implies making many measurements with successively 
smaller llx values until p(x1 ) converges to some limiting 
value. However_, it has been shown that the function p'(x1 ) 
defined as 
yields a good approximation to p(x1 ) if llx can be assigned 
a value much less than the peak signal value (2). 
On this basis the function 
llx llx 
p'(x1 ) llx = P(x- 2~ x 1<x + 2) 
will be determined. Furthermore we will use the relation: 
llx t:.x 
P(x - 2 ~ x 1< x + 2) = 
b.x 
time that x1 (t) is the interval (x - :2 
total time x1 (t) is observed 
b.x 
, X+ 2) 
It should be noted here that while x1 is a function of 
time it is assumed to be stationary, that i~ the statistics 
of x1 (t) do not vary with time. 
The following example demonstrates the manner in which 
the probability density function may be approximated for 
finite values of b.x. Consider a voltage such as the one 
shown in Figure 1. 
If the signal is observed for a finite length of time, 
such as 10 seconds, it can be determined that the signal 
may be characterized as follows: 
v~8 0 seconds 
8~v<9 2 seconds 
9~v<l0 6 seconds 
lO~v<ll 2 seconds 
ll~v 0 seconds 
2 
From this result it is possible to approximate the probability 
that the voltage will be between two given limits. Thus: 
P(v<:: 8) = ~O = 0 
P(8~v <9) = fo = .2 
p ( 9~ v < 10) = ~0 = .6 
2 p ( 10~ v < 11) = 10 = • 2 
P(ll~v) = ~O = 0 
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Figure 2. Approximation of Probability Density 
of Signal in Figure 1 
I() t 
4 
function of the signal. If smaller voltage intervals, 6x, 
are used, as better approximation such as is shown in Figure 
3 results. Therefore, in practice, an experimental determina-
tion of the probability density of a signal amounts to a 
determination of the amount of time, on the average, the 
signal lies between the two specified signal ·levels. Many 
measurements at different voltage levels may be made and the 
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Figure 3. Approximation of Probability Density 
of Signal in Figure 1 
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II. SYSTEM SPECIFICATIONS 
Since no probability density analyzer was available in 
the Electrical Engineering Department, it was decided to 
design and construct one with the following specifications. 
Specifications 
The device should be able to: 
1) handle signals from DC to 20KHZ. 
2) have a continuously variable interval for signal compari-
son. 
3) have an interval setting of 0.01 volts or less. 
4) provide a digital readout of the probability that the 
voltage is in the interval of interest. 
5) display the probability density function on a cathode ray 
oscilloscope. 
6) be self-calibrating and require a minimum of service 
adjustments. 
7 
III. THE MEASURING SYSTEM 
Although several approaches to the problem are possible, 
the system actually utilized is shown in block diagram form 
in Figure 4. 
Analog computer circuits employing operational amplifiers 
are utilized for stability and ease of operation. Three 
chopper stabilized operational amplifiers are employed in the 
system. Amplifier No. 1 provides signal amplification, if 
required, and also serves as a low impedance source to drive 
the signal comparators. 




where Rf is the feedback resistor and Ri is the input resistor. 
Therefore, by using precision resistors for Rf and Ri' the 
amplification may be set to a desired value and maintained 
without adjustment. 
The comparator also utilizes operational amplifiers 
with two separate input resistors and silicon diodes in 
the feedback path, as shown in Figure 5. 
Silicon diodes conduct very little current until their 
forward voltage drop is approximately 0.5 volts. Therefore, 
when the output voltage of the comparator amplifier is zero, 
neither diode is conducting and the amplifier is operating 
essentially open-loop: any change at the input will cause 





Figure 4. System Block Diagram 






Notice in Figure 5 that input signal V is negative, s 
9 
having been inverted by amplifier No. 1. Voltage V is the 
c 
comparator level. If the sum of -v and v is positive the 
s c 
output of the comparator is about -0.5 volts, with diode n2 
conducting. As the sum of -vs and Vc becomes negative, the 
output switches quickly from -0.5 volts to +0.5 volts, and 
diode n1 conducts. Comparator operation is shown in Figure 
6. 
This type of comparator is employed because of its high 
accuracy and low hysteresis; it is particularly well suited 
to instrumentation use since the comparator level may be set 
accurately with a digital voltmeter by measuring the voltage 
v. c 
As stated previously, it is necessary to know when the 
signal is between two levels, hence two comparators are used. 
One comparator indicates when the signal exceeds the lower 
interval level, and the other comparator indicates when the 
signal has exceeded the upper interval level. 
When the signal is within the interval of interest, the 
lower interval comparator has a positive output, and the 
upper interval comparator has a negative output. The com-
parator outputs are used to generate a negative gating signal 
for the constant current source. Operation of the comparator 
system is shown in Figures 7, 8 and g. The inverted signal 
voltage -v is provided for reference. Notice that when the s 
lower comparator is positive and the upper comparator is 
negative, the negative gating signal is present. 
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Figure 6. Input Signal and Comparator Output 
Figure 7. Input Signal and Lower Comparator Output 
11 
Figure 8. Input Signal and Upper Comparator Output 
Figure 9. Input Signal and Gating Pulses 
This system is capable of generating gating pulses of 
very short duration: these are essential for accurate high 
speed operation. 
Figure 10 shows a gating pulse 0.1 microseconds wide. 
12 
The signal frequency is 10 KHZ, so the gating pulse is 0.001 
periods long. Since two such pulses occur each cycle, as 
shown in Figure 9, the system is capable of probabilities 
down to 0.002 for steady sinusoidal signal of 10 KHz or down 
to 0.004 for a signal of 20 KHz. For random inputs, the 
smallest time interval to which the system is capable of 
responding is 2 x 10-7 seconds in a 10 second observation 
period. This is a resolution which is 1 part in 107. The 
voltmeter used for readout has a maximum resolution of 1 
part in 104. 
The gated constant current source provides a current, I, 
to charge the capacitor Cs in Figure 4. 
Since 






Thus the voltage, V , on the capacitor is proportional c 
to the time, T, the current source is gated 11 0n 11 • Therefore, 
the voltage is proportional to the total time during which 




Figure 10. Gating Pulse 0.1 Microsecond Wide 
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The capacitor voltage is read on the same digital volt-
meter used to set the upper and lower comparator voltages. 
In the Probability Density Analyzer the signal is 
observed for 10 seconds. The value of constant current is 
chosen so that if the signal is always between the upper and 
lower.comparator levels, the capacitor voltage will be 10.0 
volts. This indicates a probability of 1.00. Probability 
may be read by noting the voltage reading and moving the 
decimal point one place to the left. 
For displaying· the probability density function on a 
cathode ray oscilloscope, the comparator interval is fixed 
internally at 1.0 volt and is switched by a ring counter in 
20 steps from -10 volts to +10 volts. 
The signal is observed for 0.1 seconds at each step. 
Thus, 2.0 seconds are required to complete each plot. The 
capacitor voltage is applied to the vertical channel of the 
CRO, and the CRO beam is moved horizontally to correspond to 
the center of the voltage interval. 
The resultant plot is a series of vertical lines the 
heights of which correspond to areas under the true proba-
bility density curve. Quantitative measurements may be made 
from the CRO pattern. 
Figure 11 shows a probability density function and a 
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Figure 11. A Probability Density and Corresponding 
CRO Display 
IV. SYSTEM PERFORMANCE 
The system meets or exceeds all preliminary design 
specification. A comparator interval of 0.001 volts or 
greater may be used and this exceeds the original speci-
fications of 0.01 volts. 
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Amplifier No. 1 (see Figure 4) is capable of amplifying 
20 volt peak-to-peak signals and the full dynamic range of 
the instrument is up to 100. ~. The prespecified frequency 
range of 20 KHz is easily satisfied. 
As an overall test of accuracy and frequency response, 
the following test was made. A sinusoidal voltage of 20 
volts peak-to-peak was used as an input. The lower compara-
tor was set at -5.0 volts and the upper comparator at +5.0 
volts. The probability that the voltage lies between the 
levels selected is 0.333. The probability was then measured 
at various frequencies and the results tabulated in Table I. 
All of the readings obtained are very slightly lower 
than calculated. This error is believed to be due to dis-
tortion in the sinusoid used for an input, or error in the 
voltmeter used to set the input voltage. The readings at 
different frequencies did not vary by more than 1 percent 
from the average of all the readings. 
To demonstrate the systems operation, several prob- . 
ability densities will be calculated and compared with the 
CRO displays. 
For a sinusoidal input 
y = COS X 
so 
p{y)dy = 2p{x)dx 
p{y) = 2p{x) ~ 
P{y) 
1 1 - sin x 7r 
. 2 
s~n x + cos 2 x 
sin 2 X + y 2 = 1 
sin x = J1-:Y2 
1 
p{y) = 1 
17 
where P{x) 1 = 271" {uniform) 
= 1 
-l~y~l 
A picture of an oscilloscope display of the probability 
density function of a sinusoid is shown in Figure 12. 
Figures 13 and 14 are the probability density functions 
for a square wave and random noise respectively. 
Frequency Hz 
Probability 
TABLE I. Probability Versus Frequency 
30 100 300 1000 3000 10000 30000 




Figure 12. Probability Density of a Sinusoid 
-------------- - --
Figure 13. Probability Density of a Square Wave 
20 
Figure 14. Probability Density of a Noise Source 
V. ADDITIONAL CAPABILITIES 
The device is also capable of measuring probability 
distributions. 
Probability distribution is defined (1) as 
P(x(X). 
21 
This is probability that the signal x is less than some arbit-
rary level, X. 
If the lower comparator level is set below the lowest 
signal excursion, the output (as viewed on the CRO or as 
read on the digital voltmeter (DVM)) is the probability that 
the signal is less than the upper comparator level. 
Oscilloscope pictures of the plotted probability distri-
bution functions for sinusoidal and square wave inputs are 
shown in Figures 15 and 16. 
The probability density analyzer as constructed is shown 
in Figures 17 and 18. 
22 
Figure 15. Probability Distribution of a Sinusoid 
Figure 16. Probability Distribution of a Square Wave 
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VI. DESIGN OF THE MEASUREMENT SYSTEM 
Operational amplifiers were used in the probability 
density analyzer for stability and ease of setting the corn-
parator levels. An economy of labor is realized also, since 
one operational amplifier design may be used for the signal 
amplifier as well as for both comparators. 
It was realized early that a somewhat unconventional 
approach would be necessary to realize an output of 20 volts 
peak-to-peak at signal frequencies above 20 KHZ. 
Most operational amplifiers strive for voltage gains of 
105 or higher and require several stages of amplification; 
this is where the difficulty arises. Each amplifier stage 
introduces some phase shift at higher frequencies so that 
oscillation often occurs (3). To prevent oscillation, the 
high frequency gain is reduced with roll-off networks. These 
networks have the effect of limiting the maximum rate of 
change of output voltage or slew rate. 
Thus, while the amplifier may be able to amplify very 
small signals at frequencies of 105 Hz, full amplitude out-
put may be realized , only to 2 or 3 KHZ. 
To realize full output at high frequencies the amplifier 
was designed with what amounts to two stages of amplification 
and utilizes transistors with a cutoff frequency of 3 x 108 Hz. 
This approach requires a minimum of roll-off networks and 
yields a voltage gain of 104. 
The amplifiers are chopper stabilized to reduce the 
drift that tends to be present in direct coupled transistor , 
26 
amplifiers. The stabilizing amplifier has a voltage gain of 
at least 103. This results in an overall low frequency gain 
of 107 and is quite acceptable for an operational amplifier. 
Schematic diagrams of the operational amplifier are 
shown in the "Circuit Operation" section of this report. (see 
Figures 25 and 26). 
To consider the gated constant current source (see 
Figure 19) one can begin by considering the operation of 
tunnel d~odes n1 and n2 • These diodes are used to sharpen 
the voltage step from the comparators (4). This action is 
shown in Figure 20. 
As the voltage from a comparator increases, the operating 
point of the transistor-tunnel diode combination moves from 
point "d" to point "a" on the tunnel diode curve. If the 
current through the tunnel diode exceeds 10-3 amperes, the 
operating point moves along path a-b and delivers current to 
the base of the transistor. This turns the transistor "on". 
The movement along path a-b is very rapid so the transistor 
turns on quickly. When the comparator output falls, the 
operating point moves from b to c and back to d. This turns 
the transistor "off". 
As the lower interval comparator goes positive, transistor 
o1 is turned on. Zener diode n3 and the 5000 ohm potentiometer 
provide a fixed voltage pulse to the base of o3. Transistor 
o3 has a high output impedance, and acts as the constant cur-
rent source. 
it was chosen 
Diode n3 has a negative temperature coefficient; 


















As the upper interval comparator goes positive it causes 
o2 to turn on. This diverts base current from 0 1 and turns 
o1 off. As the upper interval comparator goes negative, o2 
turns off and o1 turns on, thereby gating the constant current 
source. When the lower interval comparator goes negative, 
o1 turns off, and the constant current source is turned off. 
Diode n4 pzovides bias for the emitters of 0 1 and o2 so 
that triggering occurs on the rapidly rising portion of the 
comparator outputs. 
The 5000 ohm potentiometer is used to adjust the value 
of the current from the current source. 
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VI I • OPERATION 
The probability density analyzer is designed to operate 
from a standard 115 volt 60 Hz power supply. 
Operation can best be introduced by discussing the 
function of the front panel controls. 
A. The POWER switch controls the power to all circuits. 
B. The INPUT SELECTOR selects AC or DC coupling of the 
signal and high impedance input~ 106 ohms~ or low imped-
ance input~ 104 ohms. High impedance DC coupling may 
add an offset voltage of 2 or 3 millivolts. High imped-
ance AC coupling introduces no offset. The low frequency 
cutoff is below 3 Hz with either high or low input imped-
ance. 
C. The MAXIMUM SIGNAL LEVEL sets the voltage gain of the 
signal amplifier. Maximum allowable signal in the 10 
volt position is +10 volts or in the 1 volt position ±1 
volt. 
D. The DISPLAY switch selects one of the following output 
displays: cathode ray oscilloscope, X-Y plotter or digital 
voltmeter. 
E. The FUNCTION switch selects either a probability density 
operation or a probability distribution operation. It also 
has a position for providing an internal calibrate signal. 
F. The CALIBRATE control is used for internal calibration 
when the digital readout is used. 
G. The LOWER INTERVAL SET adjusts the lower level of the 
interval of interest. 
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H. The UPPER INTERVAL SET adjusts the upper level of the 
interval of interest. In the probability distribution 
mode of operation this control sets the comparator used. 
I. The DIGITAL VOLTMETER SWITCH connects the DVM for read-
ing the upper interval set or lower interval set when 
pushed to the left or right respectively. The switch 
is spring centered and in the center position connects 
the DVM for digital probability readout. 
J. The RESET-OPERATE switch controls the overall operation 
of the instrument. In the RESET position, circuits are 
reset in preparation for a reading. Measurement begins 
when the switch is moved to OPERATE. 
Front panel connection and their functions are: 
A. INPUT for signal input. The black terminal is ground. 
B. DVM for connecting to the digital voltmeter. The red 
terminal is positive, the black terminal ground. 
c. OUTPUT terminals for connection to CRO or X-Y plotter. 
D. Coaxial connector to furnish a pulse to the DVM and to 
cause a reading of the measured probability. 
Digital Measurements 
A. Allow 5 minutes for the instrument to warm up. 
B. Set the INPUT SELECTOR and MAXIMUM SIGNAL LEVEL switches 
to their desired settings. 
c. Connect the input signal to the input terminals. Connect 
the DVM to the DVM terminals. The digital voltmeter re-
quires at least 15 minutes for warm up. 
D. Set the OUTPUT switch to DIGITAL and the FUNCTION switch 
31 
to CALIBRATE • 
E. Switch to RESET for 5 seconds and then switch to OPERATE. 
The DVM should be set for remote read commands. About 
12 seconds after switching to OPERATE, the DVM will make 
a reading. Adjust the CAL control and make additional 
readings until the DVM indicates 9.99 or 10.0. 
F. Set the FUNCTION switch to DENSITY. Adjust the upper 
and lower interval controls to their desired values. 
G. Switch to RESET for 5 seconds then to OPERATE. In 12 
se·conds the probability may be read from the DVM by 
moving the decimal point one place to the left. 
CRO Readout 
A. Connect input signal and set INPUT and MAXIMUM SIGNAL 
LEVEL switches. 
B. Connect CRO to output terminals. Set FUNCTION switch 
to CAL and OUTPUT switch to SCOPE. 
C • Switch to RESET and then to OPERATE • 
D. Adjust CRO controls to obtain a satisfactory display. 
The line heights represent a probability of 1.0 (see 
Figure 21). 
E. Set FUNCTION switch to DENSITY. The CRO display is the 
probability density function of the input signal. 
.. \:'~.:~·:~;~.,·,: - ' -
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Figure 21. Cathode Ray Oscilloscope 
Calibration Waveform 
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VIII. CIRCUIT OPERATION 
In order for the reader to obtain an appreciation of 
the overall operation of the probability density analyzer, 
the function of each of the blocks in Figure 22 will be 
discussed. 
A. Input Selector 
33 
The input selector, Figure 24, includes an amplifier 
having high input impedance and unity gain obtained by means 
of feedback. This amplifier functions on the high input 
impedance positions of the input switch. The input switch 
also selects direct or AC coupling. The 100 ohm potentio-
meter is used to adjust the output voltage to zero when the 
input voltage is zero. 
B. Operational Amplifier 
The three operational amplifiers, Figures 25 and 26, 
function as signal amplifiers and comparators. Their design 
utilizes conventional chopper stabilizing techniques where 
DC and low frequencies {below approximately 1 Hz) are ampli-
fied by the chopper amplifier and where frequencies of 1 Hz 
and above are handled by the main amplifier. 
All amplifiers use contact modulators for chopping the 
input signal. The signal amplifier also uses a contact modu-
lator for signal demodulation, while the comparator amplifiers 
use transistors as switches for signal demodulation. 
c. Constant Current Source 
The gated constant current source, Figure 27, utilizes 
a common base amplifier and produces a constant current 
output when the signal lies in the interval of interest. 
Switch S5c selects appropriate range resistors depending 
on whether the output readout is to be by oscilloscope, 
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X-Y plotter, or digital voltmeter. Diodes D1 and D2 turn 
off the current source by reverse biasing the emitter base 
junction of the 2N2604 transistor when point 11 A11 is grounded 
by the control multivibrator. 
D. Oscillator and Control Multivibrator 
This unit, Figure 28, consists of a 100 Hz astable 
multivibrator and a bistable multivibrator. The astable 
multivibrator is used to produce a time base for the instru-
ment and its frequency is adjusted by two 105 ohm potentio-
meters. 
The bistable circuit controls the constant current 
source and the "AND" gate. The "AND 11 gate allows timing 
pulses to reach the decade counters only in the reset posi-
tion. The control multivibrator also controls the read 
multivibrator. 
E. Read Multivibrator 
The read multivibrator, Figure 27, is mounted on the 
same card as the constant current source. It is a mono-
stable multivibrator that provides a 30 volt positive going 
pulse to the digital voltmeter approximately 2 seconds after 
being triggered by the control multivibrator. This delay of 
2 seconds {after the measurement is completed) allows the 
circuits of the DVM to stabilize and give an accurate reading. 
F. Relay Driver 
The relay driver, Figure 29, is a bistable circuit 
triggered by the control multivibrator at the end of the 
measuring period. This circuit drives relay R1 which con-
nects the storage capacitor to the DVM, thus preventing 
charge from being lost during the measuring period. 
G. Decade Counters 
The decade counters, Figure 30, reduce the clock fre-
quency to provide timing pulses at 0.1, 1.0, and 10 second 
intervals. They are unusual only in that direct coupling 
of the trigger signals is employed. 
H. Ring Control Multivibrator and Electronic Capacitor 
Discharge Circuit 
These two circuits are mounted on one card as shown 
in Figure 31. 
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The ring counter control multivibrator is a monostable 
multivibrator that triggers the ring counter approximately 
1 millisecond after receiveing a timing pulse. During this 
1 ms. interval the storage capacitor is discharge by the 
silicon controlled rectifier and the 2Nl038 transistor. The 
SCR removes most of the charge from the storage capacitor 
and reduces the voltage on the capacitor to about 0.6 volts, 
at which time the SCR ceases conduction and the 2Nl038 tran-
sistor removes the remaining charge. 
I. Ring Counter 
The ring counter consists of 20 bistable stages mounted 
on two different types of printed circuit cards. On type 
of card has the trigger circuitry and four of the twenty 
bistable stages; it is shown in Figure 32. The other type 
of card has only 4 bistable stages and is shown in Figure 
33· 
A trigger pulse turns all stages off by interrupting 
current to the NPN transistors. When power is reapplied 
36 
a negative pulse is transmitted through the 0.1 ~f capacitor 
from the stage which has just turned off to the stage which 
is to be turned on next. 
The two 1500 ohm potentiometers are adjusted to provide 
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TABLE II. Pin Connections for High Impedance Input Amplifier 
Pin Number Function 
1 output 
2 output 
3 no connection 
4 +15 volt supply 
5 +15 volt supply 





11 no connection 
12 no connection 
13 no connection 
14 -15 volt supply 
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Figure 25. Schematic Diagram - Operational Amplifier 
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TABLE III. Pin Connections for Operational Amplifier 
Pin Number Function 
1 ground 
2 ground 
3 +15 volt supply 
4 +15 volt supply 
5 ground 
6 balancing signal input 
7 balancing signal input 
8 ground 
9 summing junction input 
10 summing junction input 
11 ground 
12 -15 volt supply 
13 -15 volt supply 
14 output 
15 output 
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Figure 26. Schematic Diagram- Balancing Amplifier 
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TABLE IV. Pin Connections for Balancing Amplifier 
Pin Number Function 
1 +15 volt supply 
2 +15 volt supply 
3 balancing signal output 
4 balancing signal output 
5 ground 
6 summing junction input 
7 ground 
8 high quality ground 
9 ground 
10 summing junction input 
11 ground 
12 balancing signal output 
13 balancing signal output 
14 +15 volt supply 
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Figure 27. Schematic Diagram- Constant Current Source and 
Read Multivibrator 
TABLE v. Pin Connections for Constant Current Source 


















+15 volt supply 
calibration input 
no connection 
constant current output 
no connection 
no connection 
lower comparator input 
no connection 




-15 volt supply 
input to Read 
Multi vibrator 
read pulse output 
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Figure 28. Schematic Diagram - Oscillator and Control Multivibrator 
TABLE VI. Pin Connections for Oscillator 
and Control Multiivibrator 
Pin Number Function 
1 +15 volt supply 
2 set pulse input 
3 no connection 





























































Pin Connections for Decade Counter 
Function 
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Figure 31. Schematic Diagram- Ring Control Multivibrator and 




VIII. Pih Connections -




































-15 volt supply 
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Figure 32. Schematic Diagram- Ring Counter and Trigger Amplifier 
Pin 
TABLE IX. Pin Connections -
Ring Counter and Trigger Amplifier 
Number Function 
1 +15 volt supply 
2 output to next stage 
3 +13 volt supply 
4 reset 
5 shift pulse line 
6 priming input 
7 no connection 
8 no connection 
9 trigger input 
10 ground 
11 -15 volt supply 
12 upper comparator level 
13 upper comparator level 
14 lower comparator level 
15 lower comparator level 
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Figure 33. Schematic Diagram - Ring Counter 
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TABLE X. Pin Connections - Ring Counter 
Pin Number Function 
1 +15 volt supply 
2 output to next stage 
3 +13 volt supply 
4 no connection 
5 shift pulse line 
6 priming input 
7 no connection 
8 no connection 
9 no connection 
10 no connection 
11 -15 volt supply 
12 upper comparator level 
13 upper comparator level 
14 lower comparator level 
15 lower comparator level 
IX. CALIBRATION PROCEDURE 
The following steps constitute a complete calibration 
and trouble shooting procedure. If all steps are success-
fully completed the instrument will perform in accordance 
with its design capability. 
Unless otherwise noted, the calibration procedure re-
quires that the front panel controls be set in the following 
positions: 
INPUT SELECTOR - Low impedance DC 
MAXIMUM SIGNAL LEVEL - 10 v 
OUTPUT - Oscilloscope 
FUNCTION - Calibrate 
RESET OPERATE - Operate 
UPPER INTERVAL - Zero 
LOWER INTERVAL - Zero 
POWER - On 
Refer to Figures 34 and 35 for test points and calibra-
tion controls. 
1. Allow the instrument to warm up for 15 minutes. Set the 
positive and negative power supplies to +15.0 volts and -15.0 
volts respectively. 
2. With a cathode ray oscilloscope observe the 105 Hz square 
wave at pin 4 on the oscillator card plug. Set this frequency 
to 100KHz ± 1.0% using a digital counter-timer unit. 
3. Using a dual trace oscilloscope observe the signal input, 
(pins 3 and 4) and signal output (pin 13) on each decade 
counter. The input frequency should be 10 times the output 
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frequency. 
4. Observe the comparator level waveforms in pins 12 and 13 
for the upper comparator level, and on pins 14 and 15 for the 
lower comparator level. These signals should be a stairstep 
waveform consisting of 20 steps of 1 volt each. 
Switching to RESET should stop the waveform while 
switching to OPERATE should start the waveform again. 
5. Switch all Balance-Operate switches to Balance. With a 
vacuum tube voltmeter, measure the potential between the red 
test point and ground. Rotating the balance control in one 
direction should cause this voltage to become positive while 
rotating the balance control in the opposite direction will 
cause the output to become negative. Set the balance control 
for zero voltage as measured at the test point. Repeat this 
step for the other two amplifiers. Return the Balance-Operate 
switches to OPERATE. 
6. Connect a 20 volt 1 KHz source to the input terminals. 
An undistorted waveform should appear at pins 14 and 15 of 
operational amplifier number 1, while a square wave with 
rounded tops will appear at pins 14 and 15 of the two com-
parators. 
Repeat this step for all positions of the input selector 
switch. 
7• To test the control multivibrator and 11 AND 11 gate, connect 
a CRO to the output of decade counter number 1. With the 
OUTPUT switch set to DIGITAL, switch to RESET. No output 
should appear. Switch to OPERATE and an output should appear 
for 10 seconds. It should disappear after the ten seconds 
have elapsed. 
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8. Connect a CRO to the BNC connector, set the OUTPUT switch 
to RESET and then to OPERATE. In 10 seconds the voltage at 
the connector should go negative, and two seconds later, posi-
tive. This is the positive pulse which causes the digital 
voltmeter to make a reading. 
g. Connect a digital voltmeter to the front panel DVM con-
nectors and connect for remote read commands. Center the 
front panel calibrate control. Switch to DIGITAL and RESET. 
Switch to OPERATE. In 12 seconds the DVM will make a read-
ing. Adjust the potentiometer mounted on the constant cur-
rent generator card until a reading of 10.0 is obtained. 
After each adjustment, switch to RESET and then to OPERATE. 
10. Short the input terminals. With a sensitive (1 mv or 
less) voltmeter connected between pin 1 of the input ampli-
fier and ground, adjust the 100 ohm potentiometer until the 
voltmeter reads zero. 





A probability density analyzer was constructed accord-
into to the schematic diagrams in this thesis. 
The instrument meets or exceeds all preliminary speci-
fications. Signals of 30KHZ may be handled. The voltage 
interval for signal comparison is continuously variable from 
-10 volts to +10 volts and they may be adjusted to 0.001 
volts. 
Readout modes include digital readout, cathode ray 
oscilloscope, or X-Y plotter. Internal signals are provided 
for self calibration. With the exception of readout devices, 
the instrument is completely self contained. 
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